Rat aldose reductase-like protein (AKR1B14) efficiently reduces the lipid peroxidation product 4-oxo-2-nonenal.
In this study, we examined the substrate specificity, inhibitor sensitivity and kinetic mechanism of a rat aldose reductase-like protein, which is named AKR1B14 in the aldo-keto reductase (AKR) superfamily. AKR1B14 catalyzed the nicotinamide adenine dinucleotide phosphate reduced form (NADPH)-dependent reduction of carbonyl compounds (derived from lipid peroxidation and glycation), xenobiotic aromatic aldehydes and some aromatic ketones. 4-Oxo-2-nonenal, the best substrate showing a K(m) value of 0.16 µM, was reduced into less reactive 4-oxo-2-nonenol, and its cytotoxicity was attenuated by the overexpression of the enzyme in cultured cells. The enzyme also showed low K(m) values (0.9-10 µM) for medium-chain aliphatic aldehydes (such as 4-hydroxynonenal, 1-hexenal and farnesal) and 3-deoxyglucosone, although the K(m) values for short-chain substrates (such as isocaproaldehyde, acrolein and methylglyoxal) were high (16-600 µM). In the reverse reaction, aliphatic and aromatic alcohols were oxidized by AKR1B14 at low rates. AKR1B14 was inhibited by aldose reductase inhibitors such as tolrestat and epalrestat, and their inhibition patterns were noncompetitive versus the aldehyde substrate and competitive with respect to the alcohol substrate. Kinetic analyses of the oxidoreduction and dead-end inhibition suggest that the reaction follows an ordered sequential mechanism.